Background: This study aims to determine the effect of glutamine-enforced parenteral nutrition on immune function and stress response of patients after esophageal operation.
Esophageal cancer is not an infrequent malignant tumors in China. Worldwide, almost 400,000 new cases of esophageal cancer are diagnosed annuallyit is the eighth most common cancer and the sixth most common cause of cancer-related mortality. [1] China carries a big burden of esophageal cancer with an incidence of 19.3 per 100,000 in 2008, [2] and accounts for more than half of the new cases diagnosed in the world. [3] Due to tumor and intestinal obstruction, these patients are affected by negative nitrogen balance, stress, and the suppression of the immune function to some degree. Operation is the main treatment. However, operation trauma and stress aggravate the condition. Studies have shown that a weakened immune system is the main cause of infection and even death after operation. [4] Furthermore, conventional nutritional support may not improve the immune function of patients and reduce stress reaction. Until today, the commonly studied immune nutrients are glutamine (Gln), arginine, and omega-3 fatty acids. [5] According to a clinical study, adequate supplementation of Gln may improve immune response under stress, shorten recovery time, and reduce mortality rate. [6] Therefore, in this study, we aimed to determine the effect of Gln-enforced parenteral nutrition on immune function and stress response of patients after esophageal operation.
PATIENTS AND METHODS
The study included a total of 143 esophageal cancer patients (71 males, 72 females; mean age 70.7±4.3 years; range 35 to 80 years) who admitted to the Affiliated Hospital of Putian University between August 2009 and October 2013. Distribution of esophageal cancer types was as follows: upper thoracic esophageal cancer in 22 patients, middle thoracic esophageal cancer in 83 patients, and lower thoracic esophageal cancer in 38 patients. All patients were randomized into two groups as the experimental group and control group by means of New Drug Statistical Treatment. Patients in both groups had no significant differences in terms of sex, age, tumor location, operation methods of anastomosis, pathological stages, time of the beginning of preoperative symptoms, preoperative nourishment status, preoperative immune status, and stress reaction (Table 1 ).
Inclusion criteria: (i) operation and pathology reports for esophageal squamous cell carcinoma, negative margin; (ii) no indication of metabolic diseases such as diabetes or hyperthyroidism; (iii) no hematopoietic system disease; (iv) no spleen and thymus resection; (v) no autoimmune disease with negative effect on immune function; (vi) no exposure to chemotherapy, and hormone or immune stimulators.
Excluded patients: (i) patients undergoing operation difficulty; (ii) patients receiving more than 800 mL of blood transfusions; (iii) patients receiving infusion of albumin during operation.
Experimental and control groups had isonitrogenous and isocaloric intake of nutrition from the first postoperative day for seven days. The nutrition given continuously for seven days included 30 kcal/kg/day; glucose, 6:4 ratio; nitrogen, 0.3 g/kg/day; heat, 100 kcal:1g nitrogen. The experimental group was given additional alanyl-Gln, according to 0.5 g/kg/day (Gln 0.35 g/kg/day) supply.
On first preoperative day, and on first and seventh postoperative days, the following parameters were measured: concentrations of Gln in serum; stress response indicators: serum C-reactive protein (CRP), complement 3 (C3), C4; humoral immunity indexes: serum immunoglobulin (Ig)M, IgA, IgG; and lymphocyte-mediated immune parameters: CD3+, CD4+ and CD8+ lymphocytes.
The experimental protocol of the study was approved by Department of Thoracic Surgery in the Department of Thoracic Surgery in the Affiliated Hospital of Putian University. A written informed consent was obtained from each patient. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Statistical analysis
All data were analyzed using SPSS for Windows version 16.0 software (SPSS Inc., Chicago, IL, USA). Student's t test was used for the measurement data such as age, stress response indicators, and immunity indexes, expressed as mean ± standard deviation. Chi square test was used for the enumeration data such as tumor location and mode of operation. P value <0.05 was considered statistically significant.
RESULTS
On preoperative first day, levels of CRP, C3, and C4 of both groups were higher than normal, but the comparison between two groups showed no significant difference. On postoperative first day, levels of C3 and C4 of the experimental group were lower than the control group (p>0.05), while CRP level of the experimental group was higher than the control group (p>0.05). On seventh postoperative day, CRP level of the experimental group was significantly lower than that of the control group (p<0.05), (Table 2) .
On preoperative first day, levels of IgA, IgG, IgM, CD3+ and CD4+ cells, and CD4/CD8 ratio of both groups were lower than normal, but the comparison between two groups revealed no significant difference. On postoperative first day, levels of IgA and IgG of the experimental group were higher than the control group (p>0.05), while IgM of the experimental group was lower than the control group (p>0.05). Levels of CD4+ and CD8+ cells, and CD4/CD8 ratio of the experimental group were higher than those of the control group (p>0.05), while CD3+ cells of the experimental group was lower than the control group (p>0.05). On postoperative seventh day, levels of CD3+ cells, CD4/CD8 ratio, and IgM level of the experimental group were higher than those of the control group with no statistical significance (p>0.05), level of CD8 of the experimental group was lower than the control group with no statistical significance (p>0.05), while levels of CD4+ cells, IgA, and IgG of the experimental group were significantly higher than those of the control group (p<0.05), (Table 3, 4) .
On preoperative first day, the concentrations of Gln in serum of both groups were normal. On postoperative first day, the concentrations of Gln of both groups were lower than those of first preoperative day in each group (p<0.05). The concentrations of Gln of the experimental group were higher than the control group (p>0.05). On seventh postoperative day, the concentrations of Gln of the experimental group were higher than that of the control group (p<0.05). The concentrations of Gln of the control group were lower than those of first preoperative day (p<0.05), (Table 5 ).
The incidence of pulmonary infection and anastomotic leakage of the experimental group was lower than that of the control group (p<0.05). The incidences of incision infection, blood infection, urinary infection, and abdominal infection of the experimental group were lower than that of the control group (p>0.05), (Table 6 ). 
DISCUSSION
Esophageal cancer is one of the least studied and most lethal cancers worldwide, [7] [8] [9] with a five-year survival rate of less than 10%. [10] It is one of the most common malignant tumor in China. Its incidence has risen in recent years. [11] Patients usually have various degrees of malnutrition, even the emergence of cachexia due to patients' difficulty in eating and the metabolic disorder of the organism because of increased production of cytokines and catabolic hormone. [5] At the same time, preoperatively, esophageal cancer often causes low immune function and stress response in different degrees. These also may increase the risk of infection and tumor recurrence, and affect prognosis. Therefore, improving the nutritional status and recovering the immune function of patients postoperatively are important to improve their stress response.
Glutamine is a nonessential amino acid, which is an important energy metabolism of immune cells and intestinal mucosal cells. It can also promote the division and differentiation of lymphocytes and macrophages. It plays a significant role in human nutrition metabolism, immune protection, and regulation of inflammation. [12] When the body is under stressful or pathological conditions, when there is a relative lack of endogenous synthesis of Gln, or in case of Gln depletion, exogenous Gln must be supplied. Under these conditions, Gln becomes an essential amino acid. Therefore, Gln is considered to be a conditionally essential amino acid for the body in case of stress, which is important for cell metabolism and immune cell function. In our study, the concentrations of Gln in serum of both groups were normal preoperatively. Postoperatively, esophageal cancer patients have continuous high rates of metabolism decomposition, while Gln consumption and blood Gln utilization rate increase. Similarly, on first postoperative day in our study, the concentrations of GLN of both groups were lower than those of the first preoperative day in each group. Insufficient nutrition supply may induce intestinal mucosal atrophy, which aggravates stress reaction of metabolism. In their study, Zhou et al. [13] demonstrated Gln as an additional nutrition for some severely burned rats and that it can reduce intestinal mucosal reaction of metabolism. Therefore, in traumatic stress, percutaneous enteral or parenteral Gln nutrition support might maintain the structure and function of intestinal mucosa and reduce skeletal muscle protein degradation, improve nitrogen balance, and reduce the stress reaction of metabolism. In our study, when the body's immunological function gradually restored, the concentrations of Gln in serum of experimental group became normal. However, on the seventh postoperative day, the concentrations of Gln in serum of control group were lower than the experimental group because of the relative lack of endogenous synthesis of Gln, or even body Gln depletion. In addition, CRP is a sensitive index, which reflects stress status, while C3 and C4 synthesis increases the condition of stress. [14] Our study confirmed these results. Preoperative CRP levels in both groups were higher than normal values, suggesting that patients were under the state of stress response before operation. On the first postoperative day, CRP levels of the two groups were further increased, indicating that operation trauma aggravates stress response even more; however, on the seventh postoperative day, CRP level of the experimental group significantly decreased, while that of the control group showed no obvious decrease. There was a significant difference between the two groups (p<0.05), suggesting that Gln-enforced parenteral nutrition might ameliorate stress response in patients with esophageal cancer postoperatively.
On the first preoperative day, levels of IgA, IgG, and IgM of both groups were lower than normal, suggesting that patients were under the protection of humoral immunity suppression. On the seventh postoperative day, levels of IgA and IgG of the experimental group were significantly higher than the control group (p<0.05), indicating that Gln-enforced parenteral nutrition might enhance humoral immunity of patients with esophageal cancer postoperatively. It may be so since Gln is the precursor to purine, pyrimidine, nucleic acid, and protein. Also, it is a carrier of nitrogen between tissues and organs. Moreover, Gln plays an important role in promoting B lymphocyte synthesis and secretion of antibodies, and this effect cannot be replaced by other kinds of amino acid. [15] On the first preoperative day, the levels of CD3, CD4, and CD4/CD8 of both groups were lower than normal, suggesting that patients were under the protection of cell-mediated immunity suppression. On the seventh postoperative day, CD4 level of the experimental group was significantly higher than the control group (p<0.05), indicating that Glnenforced parenteral nutrition might enhance cell immunity in patients with esophageal carcinoma postoperatively. It may be so since Gln is the precursor to synthesis metabolism, given the fact that the need for Gln increases in the condition of stress. Glutamine supplementation can improve the protein metabolism, thereby inhibiting muscle protein breakdown, improving nitrogen balance, and promoting gluconeogenesis. At the same time, Gln is capable of improving the physiological function of immunologically competent cells, such as intestinal mucosal cells and lymphocytes, macrophages and neutrophils. [11] Meanwhile, whether in enteral or parenteral application, Gln is equally effective. [16] Therefore, the incidence of pulmonary infection and anastomotic leakage of the experimental group was lower than the control group in our study (p<0.05).
This study has some limitations. The outcome is only in the form of biochemical surrogate markers. No information is given on postoperative mortality between the two groups. And this is essential information since it is a major outcome. Furthermore, in this case, although the study of parenteral glutamine could be useful enough for proof of principle, enteral administration may have more clinical relevance. These questions should be substantially evaluated in future studies.
In conclusion, this study showed that patients with esophageal cancer are affected by decreased immune function and high stress postoperatively. Compared with conventional parenteral nutrition, glutamineenforced parenteral nutrition support may improve the immune status, reduce stress response significantly, and thereby promote recovery.
